Silk films are promising protein-based biomaterials that can be fabricated with high fidelity and economically within a research laboratory environment 1,2 . These materials are desirable because they possess highly controllable dimensional and material characteristics, are biocompatible and promote cell adhesion, can be modified through topographic patterning or by chemically altering the surface, and can be used as a depot for biologically active molecules for drug delivery related applications [3] [4] [5] [6] [7] [8] . In addition, silk films are relatively straightforward to custom design, can be designed to dissolve within minutes or degrade over years in vitro or in vivo, and are produce with the added benefit of being transparent in nature and therefore highly suitable for imaging applications [9] [10] [11] [12] [13] . The culture system methodology presented here represents a scalable approach for rapid assessments of cell-silk film surface interactions. Of particular interest is the use of surface patterned silk films to study differences in cell proliferation and responses of cells for alignment 12, 14 . The seeded cultures were cultured on both micro-patterned and flat silk film substrates, and then assessed through time-lapse phase-contrast imaging, scanning electron microscopy, and biochemical assessment of metabolic activity and nucleic acid content. In summary, the silk film in vitro culture system offers a customizable experimental setup suitable to the study of cell-surface interactions on a biomaterial substrate, which can then be optimized and then translated to in vivo models. Observations using the culture system presented here are currently being used to aid in applications ranging from basic cell interactions to medical device design, and thus are relevant to a broad range of biomedical fields.
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Video Link
The video component of this article can be found at http://www.jove.com/video/3646/ Protocol
Fabrication of Silicone Rubber Molds
1. Produce or purchase a desired topographic surface for casting. For this publication a standard 100 mm etched silicon wafer will be described ( Figure 1 ). 2. Weigh out polydimethylsiloxane (PDMS) potting (component A) and catalyst (component B) solution in a 1:9 ratio (9 g potting and 1 g catalyst) as provided in the purchased kit. 3. Mix solutions thoroughly to initiate curing process. 4. Place silicon wafer surface within a casting dish. 5. Weigh out 4.5 g of PDMS solution onto silicon wafer. 6. Spread PDMS solution as to cover a 100 mm diameter area of the wafer surface. 7. Tilt wafer to spread PDMS solution evenly. 8. Cover wafer with 100 mm diameter petri dish lid. 9. Place casting setup into 60 °C oven over night, making certain that curing is taking place on a flat surface. 10. Place cured PDMS/silicon wafer into 70% ethanol bath before removal. 11. Begin removing PDMS from wafer by using razor blade to lift edge (entire circumference) first. 12. Gently pull PDMS off using forceps within a 70% ethanol bath being careful not to tear silicone rubber casting. 13. Punch out individual PDMS molds using 14 mm hole punch. This diameter is designed to fit into a 24-well plate setup. 4. To produce a 50 μm thick film, spread 70 μls of 8% silk solution on PDMS molds using a liquid spreading tool that is typically a 1 mL syringe tip 2 . 5. Allow the silk films to dry uncovered on a clean bench running an air flow pressure of 150 Pa for a period of 90 min or until films are dry. 6. Once films are dry place entire set of films, including PDMS molds, into a water-annealing chamber for >4 hrs to produce a water insoluble film. This is typically an empty desiccator chamber with water in the bottom of the basin pulled at a 25 kPa vacuum 15 .
Production of Silk Solution
7. Remove silk films from water-annealing chamber and place onto a clean bench. 8. Prepare a 70% EtOH bath within a 35 mm Petri dish, and place control substrates (i.e. glass or plastic surfaces) and stainless steel rings within wells for at least 10 min to sterilize. 9. Remove silk films from PDMS molds using forceps, dip them into 70% EtOH, and place sample into 24-well plate prefilled with 1 mL of 70% EtOH making sure patterned side is facing up to allow for cell adhesion. 10. After placing each silk film sample into a corresponding well place stainless steel ring weights (11.65 mm inner diameter, 15.45 mm outer diameter, and 1.18 mm thickness) on top. 11. Allow samples with rings to incubate for 10 minutes to ensure sterility. 12. Remove EtOH and wash each sample 3x with 1 mL of PBS. Let each wash sit for 5 min to allow for complete diffusion. 13. Remove PBS using aspirating glass pipette, while making sure to remove majority of bubbles beneath silk film samples. 14. Prepare cell line for seeding. As an example, trypsinize human corneal-limbal epithelial (HCLE) cell line with 0.25% trypsin and ethylenediaminetetraacetic acid (EDTA) solution for 7-min. Deactivate trypsin using 1:1 volume of Dulbecco's modified Eagle medium (DMEM) passage media with 10% FBS added. Centrifuge trypsinized HCLE cells, add 8-mL of keratinocyte-serum free media (K-SFM) to cell pellet, gently agitate to disperse HCLEs, and generate cell count. 15. Sample 500 μL of HCLE suspension per well typically using a 10,000 cells/cm 2 density.
16. Place cultures within incubator at 37 °C and 5% CO 2 and run desired experimental protocol. Figure 1 . Flow chart illustrating summarized 10-step process of silk film production and culture system preparation. 
Representative Results

Discussion
The use of regenerated silk films as a substrate for cell culture has gained in popularity over the past two decades due to extensive characterization of the material properties of this protein and increased understanding of its biomaterial utility 3, 8 . The culture system described here represents a novel in vitro testing system for assessing cell surface interactions on patterned silk film biomaterial substrates 7 . The system allows for in depth analysis of cellular interactions over time that can be easily adopted for high-throughput data collection. This is largely enabled because silk films possess a number of tunable biomaterial properties that can be modified to directly affect cell function 8, 9, 12 , including: control of surface micro/nano-surface topography ; robust mechanical properties 15, 16 ; control of material hydrophilicity/hydrophobicity 16 ; bulk loading of biological compounds for release 4, 8, 17 ; and controlled dissolution/enzymatic degradation rates through control of the secondary structure (beta sheet content) 11, 18, 19 .
The transparency of silk films is achieved through annealing the films for a period of time under vacuum in the presence of water vapor 7, 15 . This processing approach allows for the formation of β-sheet secondary structure, fostering the insolubility of the material in water while allowing minimal diffraction of light 15 . This transparency of films is key in enabling direct live-cell imaging that can be employed under a number of imaging modalities (i.e. wide-field and fluorescence) using any number of microscope systems 12, 20 . In addition to live-cell imaging, silk films can be easily removed from the culture system to allow for additional fixation and analysis. Thus, the large variety of direct experimental assessments that can be performed on this system are applicable to a wide variety of cell/tissue sources for many technical fields 3, 8, 9, 12, 13, 21 . The time-lapse imaging results illustrate how real-time culture data can be collected, and as an example were utilized to illustrate how surface topography affects cell interactions. The representative results demonstrate how silk film biomaterials can be utilized to support HCLE culture growth, and are amendable to a number of standard cellular proliferation and metabolic assays (Fig. 4) . In addition, the cultures are fixed and processed for scanning electron imaging or other protocols (Fig. 3) .
Silk film substrates are produced in the lab with high fidelity, consistency, and with relatively low cost (Fig. 1) . This enables reproducibility in both culture system setup and experimental outcomes. It has been demonstrated that water-anneal processing produces a stable silk film material within culture that has defined degradation rates pending the concentration of proteases in solution 2, 15, 22 . As a result these materials may be used for extended periods of time for long-term cell culture, or remain implanted for months or years depending on the physiological location 8 . In addition, recent work has shown that both the protein structure and material properties of water-annealed silk films are consistent from batch to batch allowing for reproducible culture results as shown through various mechanical and biophysical testing methods 15, 16 . In addition, the material's surface has shown great fidelity amongst film batches as indicated by SEM, atomic force micrscopy (AFM), and cell culture studies {Lawrence:2008wr, Omenetto:2008tc, Bray:2011kq} 7, 23, 24 . Material stability and consistency is an important factor to how the cell will sense the culture substrate through the various mechanotransduction pathways, and ultimately produce a desired/undesired cellular response 25, 26 .
Historical standards for culture substrates, such as tissue culture treated plastic or glass, provide adequate substrates for cell attachment. However, these materials are not amendable for further utility in vivo. It can be envisioned that a silk film biomaterial could be customized in vitro, and once experimental expectations have been achieved the customized film can be directly translated to an in vivo model. Such paired design between in vitro and in vivo experimentation offers a great advantage for such implantable silk biomaterials over other substrates that are routinely used in vitro.
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